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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an underwater use type rare earth-base 
permanent magnet which exhibits excellent corrosion resistance even when used by being 
immersed in an oxidative electrolyte solution (etchant) having high corrosiveness, and a 
method for manufacturing the same. 

SOLUTION: The permanent magnet is constituted by forming an Ni plating film having 
characteristics of >-0.1 V in natural electrode potential (to an SCE saturated calomel 
electrode) in an aqueous solution containing 10 ppm Cu ions and >0 V in an aqueous 
solution containing 100 ppm Cu ions on the extreme surface layer of the magnet surface. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The subaqueous use mold rare earth system permanent magnet characterized by forming in 
the maximum surface on the front face of a magnet nickel plating coat which has a property beyond 
OV in the water solution which is more than -0.1V in the water solution with which natural electrode 
potential (saturated calomel electrode for S C E) contains 10 ppm of Cu ion, and contains 100 ppm 
of Cu ion. 

[Claim 2] The subaqueous use mold rare earth system permanent magnet according to claim 1 
characterized by containing S to which said nickel plating coat makes an aromatic series sulfonic 
acid or its salt a source of supply. 

[Claim 3] The subaqueous use mold rare earth system permanent magnet according to claim 2 
characterized by S content of said nickel plating coat being 10 ppm - 800 ppm. 
[Claim 4] The subaqueous use mold rare earth system permanent magnet according to claim 1 to 3 
characterized by the diameter of average electrocrystallization crystal grain of said nickel plating 
coat being 0.1 micrometers or less. 

[Claim 5] The subaqueous use mold rare earth system permanent magnet according to claim 1 to 4 
characterized by the thickness of said nickel plating coat as the maximum surface for forming a 
composite-plating coat layer in a magnet front face being 0.1 micrometers - 10 micrometers. 
[Claim 6] The subaqueous use mold rare earth system permanent magnet according to claim 5 
characterized by being formed in the front face of nickel plating coat with which said nickel plating 
coat serves as a lower layer. 

[Claim 7] The subaqueous use mold rare earth system permanent magnet according to claim 1 to 6 
characterized by a rare earth system permanent magnet being a R-Fe-B system permanent magnet. 
[Claim 8] The manufacture approach of the subaqueous-use mold rare-earth system permanent 
magnet characterize by to form in the maximum surface on the front face of a magnet nickel plating 
coat which have a property beyond 0V in the water solution which be more than -0. IV in the water 
solution with which natural electrode potential (saturated calomel electrode for S C E ) contain 10 
ppm of Cu ion by perform electric nickel plating using nickel plating liquid containing an aromatic 
series sulfonic acid or its salt , and contain 100 ppm of Cu ion . 

[Claim 9] Operation for manufacturing the aromatic series sulfonic acid characterized by making an 
aromatic series sulfonic acid or its salt contain in nickel plating liquid, or the rare earth system 
permanent magnet of the salt so that the natural electrode potential in the water solution of nickel 
plating coat formed in the maximum surface of a rare earth system permanent magnet front face may 
turn into Cu ion and more than the reversible electrode potential (Cu2+/Cu reversible electrode 
potential) of Cu. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the subaqueous use mold rare earth system 
permanent magnet which demonstrates the corrosion resistance which was excellent even if it 
immersed and used it for the corrosive high electrolytic solution (etching fluid) by the oxidizing 
quality, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Although rare earth system permanent magnets, such as a R-Fe-B 
system permanent magnet represented by the Nd-Fe-B system permanent magnet, have high 
magnetic properties, since the metal kind (especially R) which oxidation corrosion is easy to be 
carried out is included, when it is used without performing surface treatment, under the effect of a 
slight acid and alkali, moisture, etc., corrosion will advance from a front face, rust will be generated, 
and they will cause degradation and dispersion of magnetic properties in connection with it. 
Furthermore, when rust is generated to the magnet built into equipments, such as a magnetic circuit, 
there is a possibility of rust dispersing and polluting circumference components. Therefore, in order 
to avoid these troubles, forming nickel plating coat as a corrosion-resistant coat in the front face is 
performed by electric nickel plating that the corrosion resistance required of this magnet should be 
given from the former. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, although the ferrite magnet excellent in 
corrosion resistance has been used from the former as a magnet used for the motor for the 
submersible pump the object for well drawing-water raising, and for liquid sending, a household- 
electric-appliances liquid-sending pump, and the heat exchanger components of an automobile etc., 
using it from the request of space-saving-izing by the miniaturization of a pump, a motor, etc., 
energy saving by effectiveness rise, etc., replacing with a ferrite magnet the rare earth system 
permanent magnet which has high magnetic properties is examined. However, in order to present 
with a rare earth system permanent magnet these applications used underwater, the corrosion 
resistance superior to what is used in atmospheric air with a natural thing is required. The 
environment where a magnet is used may turn into a corrosive high electrolytic solution (etching 
fluid) environment by the oxidizing quality especially under the effect of impurity ion, such as Cu 
ion mixed unescapable from the component of the liquid circulatory system, atmospheric 
environment, supply liquid, etc. in the motor for heat exchanger components, such as air-conditioner 
evaporators, such as household electric appliances and an automobile, a capacitor, a radiator, and a 
heating heater, a chlorine ion (salinity), sulfate ion, nitrate ion, and carbonate ion, dissolved oxygen, 
etc. Since corrosive is high as for Cu ion or a chlorine ion, it divides also in impurity ion and Cu ion 
is a strong oxidizing quality, Even when nickel plating coat is formed in a rare earth system 
permanent magnet front face, Cu ion carries out a permutation deposit on nickel plating coat front 
face. The origin of corrosion comes or The inclination to form a local battery and to advance 
corrosion of the depth direction is strong, and there is a problem on use of magnetic properties 
deteriorating greatly as a result by corrosion (pitting and pitting) which results in a magnet base. 
Therefore, in using a rare earth system permanent magnet underwater, it becomes an important 
technical problem how corrosion resistance is raised to Cu ion or a chlorine ion. Then, this invention 
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aims at offering the subaqueous use mold rare earth system permanent magnet which demonstrates 
the corrosion resistance which was excellent even if it immersed and used it for the corrosive high 
electrolytic solution (etching fluid) by the oxidizing quality, and its manufacture approach. 
[0004] * ~ ~ 

[Means for Solving the Problem] Set this invention persons in the process in which various 
examination is performed in view of the above-mentioned point, and they pay their attention to Cu 
ion in a water solution, and the reversible electrode potential (Cu2+/Cu reversible electrode 
potential) of Cu. When natural electrode potential formed in the maximum surface of a rare earth 
system permanent magnet front face nickel plating coat which has the property more than of this 
reversible electrode potential, the knowledge of the magnet which demonstrates the corrosion 
resistance which was excellent even if it immersed and used it for the corrosive high electrolytic 
solution (etching fluid) by the oxidizing quality being obtained was carried out. 
[0005] This invention is made based on the above-mentioned knowledge, and the subaqueous use 
mold rare earth system permanent magnet of this invention is characterized by forming in the 
maximum surface on the front face of a magnet nickel plating coat which has a property beyond 0V 
in the water solution which is more than -0. IV in the water solution with which natural electrode 
potential (saturated calomel electrode for S C E) contains 10 ppm of Cu ion, and contains 100 ppm 
of Cu ion a passage according to claim 1. Moreover, a subaqueous use mold rare earth system 
permanent magnet according to claim 2 is characterized by containing S to which said nickel plating 
coat makes an aromatic series sulfonic acid or its salt a source of supply in a subaqueous use mold 
rare earth system permanent magnet according to claim 1 . Moreover, a subaqueous use mold rare 
earth system permanent magnet according to claim 3 is characterized by S content of said nickel 
plating coat being 10 ppm - 800 ppm in a subaqueous use mold rare earth system permanent magnet 
according to claim 2. Moreover, a subaqueous use mold rare earth system permanent magnet 
according to claim 4 is characterized by the diameter of average electrocrystallization crystal grain of 
said nickel plating coat being 0.1 micrometers or less in a subaqueous use mold rare earth system 
permanent magnet according to claim 1 to 3. Moreover, a subaqueous use mold rare earth system 
permanent magnet according to claim 5 is characterized by the thickness of said nickel plating coat 
as the maximum surface for forming a composite-plating coat layer in a magnet front face being 0.1 
micrometers - 10 micrometers in a subaqueous use mold rare earth system permanent magnet 
according to claim 1 to 4. Moreover, a subaqueous use mold rare earth system permanent magnet 
according to claim 6 is characterized by being formed in the front face of nickel plating coat with 
which said nickel plating coat serves as a lower layer in a subaqueous use mold rare earth system 
permanent magnet according to claim 5. Moreover, a subaqueous use mold rare earth system 
permanent magnet according to claim 7 is characterized by a rare earth system permanent magnet 
being a R-Fe-B system permanent magnet in a subaqueous use mold rare earth system permanent 
magnet according to claim 1 to 6. Moreover, the manufacture approach of the subaqueous use mold 
rare earth system permanent magnet of this invention By performing electric nickel plating a passage 
according to claim 8 using nickel plating liquid containing an aromatic series sulfonic acid or its salt 
It is characterized by preparing nickel plating coat which has a property beyond 0V in the water 
solution which is more than -0.1 V in the water solution with which natural electrode potential 
(saturated calomel electrode for S C E) contains 10 ppm of Cu ion, and contains 100 ppm of Cu ion 
in the maximum surface on the front face of a magnet. Moreover, a passage according to claim 9, 
operation for manufacturing the aromatic series sulfonic acid of this invention or the rare earth 
system permanent magnet of the salt is characterized by making an aromatic series sulfonic acid or 
its salt contain in nickel plating liquid so that the natural electrode potential in the water solution of 
nickel plating coat formed in the maximum surface of a rare earth system permanent magnet front 
face may turn into Cu ion and more than the reversible electrode potential (Cu2+/Cu reversible 
electrode potential) of Cu. 
[0006] 

[Embodiment of the Invention] The subaqueous use mold rare earth system permanent magnet of 
this invention is characterized by forming in the maximum surface on the front face of a magnet 
nickel plating coat which has a property beyond 0V in the water solution which is more than -0.1 V 
in the water solution with which natural electrode potential (saturated calomel electrode for S C E) 
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contains 10 ppm of Cu ion, and contains 100 ppm of Cu ion. By forming in the maximum surface of 
a rare earth system permanent magnet front face nickel plating coat which has this property, it 
considers as the magnet which demonstrates the corrosion resistance which was excellent even if it 
immersed and used the natural electrode potential in the water solution of this coat for the corrosive 
high electrolytic solution (etching fluid) by the oxidizing quality by carrying out to more than the 
reversible electrode potential (Cu2+/Cu reversible electrode potential) of Cu ion and Cu. In addition, 
it is desirable to form nickel plating coat which has a property beyond 0.1 V in the water solution 
which is more than OV in the water solution with which natural electrode potential (saturated 
calomel electrode for S C E) contains 10 ppm of Cu ion in order to give the more excellent corrosion 
resistance, and contains 100 ppm of Cu ion. 

[0007] In this invention, natural electrode potential means the potential between nickel at the time of 
two or more chemical reactions having occurred on the front face of nickel plating coat into the 
water solution, and a water solution. Specifically The mixed potential based on the lytic reaction 
(nickel->nickel2++2e) of nickel as an anode reaction, the reduction reaction (Cu2++2e~ >Cu and 
Cu2++e~>Cu+) of Cu ion as a cathode reaction, the reduction reaction (02+2H20+4e-->40H-) of 
dissolved oxygen, etc. is meant. 

[0008] It is more than -0.1V in the water solution with which natural electrode potential (saturated 
calomel electrode for S C E) contains 10 ppm of Cu ion. and as an approach of forming in the 
maximum surface of a rare earth system permanent magnet front face nickel plating coat which has a 
property beyond 0V in the water solution containing 100 ppm of Cu ion For example, there is a 
method of making nickel plating coat contain S which makes an aromatic series sulfonic acid or its 
salt a source of supply by performing electric nickel plating using nickel plating liquid containing an 
aromatic series sulfonic acid or its salt. 

[0009] electric nickel plating of a rare earth system permanent magnet — setting — a general plating 
bath (Watts bath etc.) presentation — if independent, it is precise, and since nickel plating coat 
excellent in glossiness cannot be formed, the approach of making S which makes the aromatic series 
sulfone imide represented by saccharin in a plating coat and an aromatic series sulfonamide a source 
of supply contain from the former, and carrying out eburnation of the plating coat is adopted widely. 
However, if it does in this way and S is made to contain in a plating coat, since the surface potential 
of nickel plating coat will fall, own corrosion resistance of a plating coat will fall electrochemically. 
It faces forming a multilayer nickel plating coat in a rare earth system permanent magnet front face 
using the above-mentioned phenomenon. Make only nickel plating coat of the maximum surface 
contain S, or (see JP,2-23603,A) The content of S is made [ many ], so that it becomes the upper 
nickel plating coat from a magnet front face. Although the method of raising the corrosion resistance 
as the whole as the upper nickel plating coat is made to corrode preferentially in what surface 
potential is intentionally lowered for (see for example, JP,4-267305,A and the patent No. 2941446 
official report) is proposed When such a magnet is used in the etching fluid containing Cu ion etc., 
Cu ion carries out a permutation deposit on nickel plating coat front face because the natural 
electrode potential of nickel plating coat of the maximum surface on the front face of a magnet 
becomes lower than Cu2+/Cu reversible electrode potential. The result, Corrosion advanced and 
sufficient corrosion resistance was not able to be secured. However, by examination of this invention 
persons, although the above problems arise when aromatic series sulfone imide and the aromatic 
series sulfonamide which are made to contain in nickel plating coat and which are widely used as a 
source of supply of S are used When an aromatic series sulfonic acid or its salt was used as a source 
of supply of S, it became clear that nickel plating coat which demonstrates the corrosion resistance 
which was excellent even if it immersed and used it for the etching fluid containing Cu ion etc. was 
formed. 

[0010] Here, as an aromatic series sulfonic acid, benzenesulfonic acid, 1, 3, 6 naphthalene tris 
RUHON acid, etc. are mentioned. Sodium salt, potassium salt, etc. are mentioned as a salt of an 
aromatic series sulfonic acid. 

[001 1] As for the aromatic series sulfonic acid to nickel plating liquid, or addition of the salt, it is 
desirable to carry out so that S content of nickel plating coat formed may be set to 10 ppm - 800 
ppm. When there are few S contents of nickel plating coat formed than 10 ppm, there is a possibility 
that the effectiveness may not fully be demonstrated, and when [ than 800 ppm ] more, there is a 
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possibility of becoming nickel plating coat which is weak and lacks in adhesion. 
[0012] the very thing which special limitation of the nickel plating liquid set as an aromatic series 
sulfonic acid or the addition object of the salt is not carried out, and is used for electric nickel plating 
— it is easy to be used for a well-known thing, for example, a Watts bath, a sulfamic acid bath, a 
chloride bath, a way **** ghost bath, an ammonium-chloride bath, etc. the very thing according to 
the plating bath of each [ conditions / electric / nickel plating ] — what is necessary is just to carry 
out by setting up well-known conditions In addition, it is [ heat treatment / (baking) ] good [ in a 
line ] at 150 degrees C - 250 degrees C in atmospheric air after electric nickel plating for 10 minutes 
to about 1 hour if needed. By this processing, the natural electrode potential in the inside of the water 
solution of nickel plating coat formed can be moved in the more **** direction. 
[0013] As for nickel plating coat which has a property beyond 0V in the water solution which is 
more than -0.1V in the water solution with which natural electrode potential (saturated calomel 
electrode for S C E) contains 10 ppm of Cu ion, and contains 100 ppm of Cu ion, it is desirable to 
form so that the diameter of average electrocrystallization crystal grain may be set to 0.1 
micrometers or less from a viewpoint of the eburnation of a coat. Such a plating coat can add the 
above-mentioned aromatic series sulfonic acid or its salt independently in nickel plating liquid, or 
can form this by adding combining alcoholic system additives, such as a polyethylene glycol, etc. In 
addition, the diameter of electrocrystallization crystal grain can be measured by observation by FE- 
SEM (field emission mold scan microscope) or AFM (atomic force microscope). 
[0014] It is more than -0.1V in the water solution with which natural electrode potential (saturated 
calomel electrode for S C E) contains 10 ppm of Cu ion. And the thickness of nickel plating coat 
which has a property beyond 0V in the water solution containing 100 ppm of Cu ion When forming 
this nickel plating coat in the maximum surface for [ when forming only this nickel plating coat in a 
rare earth system permanent magnet front face / 5 micrometers - 30 micrometers are desirable, and ] 
forming a composite-plating coat layer in a magnet front face, 0.1 micrometers - 10 micrometers are 
desirable. That lower layer in the case of forming this nickel plating coat in the maximum surface for 
forming a composite-plating coat layer in a magnet front face Good with various metal plating coats 
including nickel plating coat formed by the well-known approach the very thing, such as wet plating, 
such as electroplating and nonelectrolytic plating, and a vapor plating, — The 2nd layer (the 
maximum surface) with nickel plating coat with the 1st well-known layer For example, this nickel 
plating coat, The gestalt of this nickel plating coat etc. has the 3rd layer (the maximum surface) with 
Cu plating coat with the 2nd well-known layer [ 3rd ] (the maximum surface) with this nickel plating 
coat and nickel plating coat with the 1st well-known layer layer with the 1st layer and nickel plating 
coat with the 2nd well-known layer. 

[0015] The rare earth elements (R) in a R-Fe-B system permanent magnet have at least one sort or a 
still more desirable thing containing at least one sort in La, Ce, Gd, Er, Eu, Tm, Yb, Lu, and Y 
among Nd, Pr, Dy, Ho, Tb, and Sm among the rare earth system permanent magnets applied to this 
invention. Moreover, although it is usually sufficient with one sort in R, it can be practically used for 
any expedient reason of acquisition of two or more sorts of mixture (a misch metal, didym, etc.). 
Furthermore, it becomes possible by adding at least one sort in aluminum, Ti, V, Cr, Mn, Bi, Nb, Ta, 
Mo, W, Sb, germanium, Sn, Zr, nickel, Si, Zn, Hf, and Ga to attain improvement of the square shape 
nature of coercive force or a demagnetization curve, improvement of manufacturability, and low- 
pricing. Moreover, the temperature characteristic can be improved by permuting a part of Fe by Co, 
without spoiling the magnetic properties of the magnet obtained. 
[0016] 

[Example] Although the following examples explain this invention to a detail further, this invention 
is not limited to the following publications at all. 

[0017] Aging treatment was performed at 600 degrees C among the argon ambient atmosphere for 2 
hours, the sintered compact with the presentation of 15Nd-lDy-7B-77Fe (atomic %) produced with 
powder-metallurgy processing was processed into plate-like [ with the thickness of 2mm, a width of 
face / of 15mm /, and a die length of 30mm ], and acid- washing defecation of the sintered magnet 
obtained by performing barrel beveling processing further was carried out with the dilution nitric 
acid. After rinsing, further, by lye, electrolytic cleaning was carried out and it rinsed, nickel plating 
liquid which adjusted pH for propargyl alcohol to 4 including 0.5 g/1 as a nickel sulfate and 6 hydrate 
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260 g/1, a nickel chloride and 6 hydrate 40 g/1, boric-acid 40 g/1, and an additive was used to this 
magnet, and thickness formed in the magnet front face on electric nickel plating conditions of nickel 
plate by using as the lst-layer plating coat nickel plating coat which is 20 micrometers as 50 degrees 
C of solution temperature of a plating bath, current density 0.2 A/dm2, and an anode plate. Next, a 
nickel sulfate and 6 hydrate 300 g/1, a nickel chloride and 6 50g [/l. ] hydrate, The additive adjusted 
to various kinds of concentration shown in boric-acid 30 g/1, sodium-citrate 10 g/1, and Table 1 is 
included, nickel plating liquid which adjusted pH to 4 was used, and thickness formed in the lst- 
layer plating coat front face on electric nickel plating conditions of nickel plate by using as the 2nd- 
layer (maximum surface) plating coat nickel plating coat which is 5 micrometers as 50 degrees C of 
solution temperature of a plating bath, current density 0.3 A/dm2, and an anode plate. S content 
measured about the 2nd layer nickel plating coat using EPMA (electron probe microanalyzer: EPM 
[ by Shimadzu Corp. ]- 810 use) and the diameter of average electrocrystallization crystal grain 
measured using AFM (atomic force microscope: SPM[ by Shimadzu Corp. ]- 9500 use) are shown in 
Table 1 . After rinsing the plating magnet sample obtained as mentioned above and making it dry, 
The etching fluid 1 which is 50 degrees C in which Cu ion lOOppm (it adjusts by a copper chloride 
and 2 hydrate) and 200 ppm (it adjusts with a sodium chloride) of chlorine ions are contained, and 
dissolved oxygen exists this further, While being immersed in the etching fluid 2 (pH is 6.5-7 for any 
etching fluid) which is 50 degrees C in which Cu ion lOppm (**) and 200 ppm (**) of chlorine ions 
are contained, and dissolved oxygen exists further and measuring the natural electrode potential of a 
2nd layer nickel plating coat, the engine performance was evaluated. A result is shown in Table 1 . 
[0018] In Table 1, measurement of natural electrode potential was performed by [ as being the 
following ]. That is, etching fluid was put into 500ml beaker, and it considered as 50 degrees C of 
solution temperature. After the plating magnet sample was immersed in etching fluid, it carried out 
after 30-minute progress by measuring the potential on the front face of a sample with commercial 
potentiostat equipment using the glass Luggin capillary which carried out agar stuffing of the 
common saturation potassium chloride solution by using a reference electrode as the S C E saturated 
calomel electrode (as for measurement of natural electrode potential, it is desirable to carry out after 
etching fluid immersion 20 minutes - by which the potential of nickel plating coat front face is 
stabilized, and 30-minute progress). In addition, this measurement was performed, stirring the inside 
of a beaker by 500rpm with a magnet stirrer. 

[0019] The compactness of a plating coat and corrosion-resistant promotion evaluation (coloring 
reaction trial) performed evaluation of the coat soundness in Table 1. It is as follows when the 
evaluation approach is explained briefly. The plating magnet sample was immersed in the test fluid 
adjusted to pH2 with potassium ferricyanide 3 g/1, ethanol 100 ml/1, and a hydrochloric acid in 
ordinary temperature, and it observed for 60 minutes. Since the blue spot occurred when corrosion 
resulted in a magnet material or coat defects (pinhole etc.) existed in it, when after 60-minute 
immersion did not have generating of a blue spot, a blue spot occurred in 30 minutes or more after O 
and immersion and a blue spot occurred in ** and 10 minutes - 20 minutes after immersion, it was 
estimated as x. 

[0020] It carried out by the corrosion resistance evaluation in Table 1 being immersed in etching 
fluid 1 of 50 degrees C of solution temperature in a plating magnet sample for 1000 hours, 
investigating magnetic-properties degradation based on generating of rust and the amount 
measurement of flux after magnetization, and not having rust generating, and estimating it as O, 
when a demagnetizing factor is 1% or less, and estimating it as x, when other. 
[0021] 
[Table 1] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/27/2006 



JP,2002-212783,A [DETAILED DESCRIPTION] 



Page 6 of 6 





(g/D 


<ppm) 




*3l30«'ft^niV vs SCE 


*K 

m A id. 




ft* 






van mis 


***1 

Cu**:100ppm 


«*S2 

Cu**:10ppm 


1 




0.8 


200 


<ai 


+220 


+160 


o 


o 




2 




1 


250 


<0.1 


+150 


+80 


o 


o 




3 




240.5 


300 


<ai 


+220 


+150 


o 


o 




4 


■ ■ir'ilTTl ifr*itn it ATli nm 


5*0.06 


700 


<0.1 


+170 


+120 


o 


o 




6 




1+0.5 


£20 


<0.1 


+230 


+180 


o 


o 


*SB39ffl 


6 








Vll.i 


+180 


+150 


o 


o 




7 


<h*'J> i 


5 


800 


<0.1 


-50 


-100 


X 


X 


ttftfl 


a 


toay>+2r*>i.4$/*-* 


3+0.5 


500 


<0.1 


-10 


-70 


A 


X 


itttM 


9 




10 


1200 


<0.1 


-30 


-150 


X 


X 


Jtftfl 



[0022] By performing electric nickel plating using nickel plating liquid containing an aromatic series 
sulfonic acid or its salt so that clearly from Table 1 It is more than -0.1V in the water solution with 
which natural electrode potential (saturated calomel electrode for SCE) contains 10 ppm of Cu ion. 
And it turned out that it has a property beyond 0V in the water solution containing 100 ppm of Cu 
ion, and nickel plating coat which demonstrates the corrosion resistance which was excellent even if 
it immersed and used it for etching fluid can be formed. On the other hand, when electric nickel 
plating is performed using nickel plating liquid containing aromatic series sulfone imide or an 
aromatic series sulfonamide, nickel plating coat formed Even if comparable as S content of nickel 
plating coat formed by performing electric nickel plating using nickel plating liquid with which the S 
content contains an aromatic series sulfonic acid and its salt It turned out that the natural electrode 
potential in the inside of a water solution falls greatly, and serves as **, and corrosion resistance 
cannot be maintained when it is immersed and used for etching fluid. It is guessed that this 
difference is a thing based on the homogeneous difference of distribution of the difference in the 
deposit condition of these additives as a source of supply of S in the inside of nickel plating coat 
between the cases where the case where an aromatic series sulfonic acid and its salt are used as a 
source of supply of S, aromatic series sulfone imide, and an aromatic series sulfonamide are used as 
a source of supply of S formed, and S in nickel plating coat. Moreover, also when the case where it 
adds in nickel plating liquid combining thiourea and propargyl alcohol, and a polyethylene glycol 
were added in nickel plating liquid, it turned out that the same effectiveness as an aromatic series 
sulfonic acid or its salt is acquired. 
[0023] 

[Effect of the Invention] The subaqueous use mold rare earth system permanent magnet of this 
invention is more than -0.1 V in the water solution with which natural electrode potential (saturated 
calomel electrode for SCE) contains 10 ppm of Cu ion, and is having formed in the maximum 
surface on the front face of a magnet nickel plating coat which has a property beyond OV in the 
water solution containing 100 ppm of Cu ion, and demonstrates the corrosion resistance which was 
excellent even if it immersed and used it for the corrosive high electrolytic solution (etching fluid) by 
the oxidizing quality. There is a method of making nickel plating coat contain S which makes an 
aromatic series sulfonic acid or its salt a source of supply by performing electric nickel plating using 
nickel plating liquid containing an aromatic series sulfonic acid or its salt, for example as the 
manufacture approach of the subaqueous use mold rare earth system permanent magnet of this 
invention. 
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